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in 1996, the M}{SUR  l’athfinctm  mission will kst a new U.S. spacecraft
for deliveril~g  small payloads to the Martian surface. “J’he  MliSUR-

bascd Mars Sample Rc[urn Study examines the feasibility of usinc a
I’athfinctcr  ctcrivative, as well as the tcchniq[lm and infrastructure
expeckd to be ctevclopd  for MIiSUI< Network, to support a small,

low-cost sample return Inission laulicl)inp,  as early as 2003. ~’hc total
life  cycle cost goal for this mission is $111.

I’hc baseline scenario s{arts  with the la~]nch  of an Atlas IIAS launch

vehicle containing a Mars Ascent  Vchiclc (MAV) and an I;arth Return
Vehicle (l{l<V). 2’lw MAV is packaficct  insictc  a derivative of tlm
]’athfindcr  lander. 1.ike l’athfincter,  the lander  enters  ctircctly f r o m
hyperbolic approach, deploys a parachute, and lands on airbags. At

the same time, the FXV is propulsivcly  inswtcd  into Mars orbit. I’lm
lander stays on the surface for u]) to onc mc)nth, collecting samples by
means of a mmtificct  M1lSLJR Network microrovm or other cicvicc,  and
tlwn ascends into a low Mars orl)it. ‘I”he I{I{V rcndcz.vous with the
MAV, aseptically transfers the sample, and scmcts the sample capsule
on its way to a direct Ilarlh entry and collection via air snatch.

l’reliminary  mission dcsi~n and flifjlt  systcm concepts are ctcscritmt,

along with sampling goals and technology ctcwelcpwnt  needs for this
scenario. l~light  system designs ctevcIlopcIct  by the Martin Marietta
~orpc)ration  in support of this study include a Mars .3 SCCtIt  vehick’
(MAV) weighing approximately 100 kg.

1 NI’l<OllUCl  ‘J ON

MINUI{:  Mars llnvironrncntal  Survey Missim;
As part of the Mars }lnvironmmta]  Survey Mission (M I; SU1<), the I)iscovcry  mission

l’atllfincier  will be launched in 1996, in order to test  critical elements of a new lJ.S. Mars lander

dcsifin,  and deliver a small science packa~c to thr Martian surface. ‘1’hc l’athfincter  mission
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scenario involves the launch of a sinslc  lander on a I)clta launch vehicle, clircct  entry  into the

Martian atnmsphcre, the cicploymmt  C)f a parachute, and finally a rou~h lanctinfi  on airbafis.
‘1’hc lander may tumble  for a pmiod  of time before comin~ to rest, at which point the
tetral~cdrol]-sl\al>cd  lander will unfold and start science data takin~. “l’he solar-powered
lander  will operate on the surface of Mars for up to 30 days, takino pictures and nwtcorological
observations and relaying the da[a directly to I{arlh. A microrovm will also lw utilizcci to

clcploy an alpha proton x-ray spectrometer for chemical analyses of surface materials. As part
of tlw Ilismvcry  suite of missions, the clcvclopnumt cost of this mission must not exceed $150
Million.

‘t’hc results of l’athfindcr  will be instmmcntal  in the dcvclopnwnt  of the subsequent

MIHJR Network mission, which involves the placement of a number of SIllall, instrumented
lanclcm  on the Martian surface. T’hcsc  landers, planned tc) bc launched over successive
opportunities bctwccn  ] 998 and ?003, would operate simultancousl y on the surface of Mars for
several I!arth  years,  prc~viding  mctec)rolo~,ical  a]~d scis]nolnetric  data. ‘I’M’ development cost

gyal for the Inission  is currently $1 ]Iillion.

MllSUR-based Mars Sample Return Mission Study
7’hc study currently in progress examines the feasit>ility  of usinc  the technics],

managerial, and operational infrastructure cwpec[cd to bc developed by the MFHJR pmjcct,  to
enable a small, low cost Mars sample return mission. 3’lw ~uidclines  for this study arc
su mmari  zxi 1>C1O w:

● Maximum appropriate LISC is to be made of the MI{ SLJJ< infrastructure (entry and
landing systems, surface operations cicviccs  [ilrc)vcrs], descent and post-] andinfi
data from landers, etc.)  to enable a small, low cost sample return mission.

● ‘J’hc cost goal is $1 l~illion,  includinc  launch a~ld operations costs, for a single

landing.
● ‘J’hc first launch opportunity is 2003, with backups in 2005 and 2007.
● At least 5 separate rock samples (total mass approximately 100 gin), arc to be

collcctcd  and preserved at a tc)mpcraturc  of -10”C. ‘f’hc samplinfi  device  n~LIst  bc
ab]c to co]lcct  samples at least  100 m from the lander.

● Kcy technology development needs for this mission (status, dcvclopmcnt  schedule,

and rough order  of ma$nitude  costs) will bc identified. ‘J’cchnology  innovation is
encouraged.

● Assume successful completion of MIISUR l’athfinder  and Network.

‘J’hrse Suidclincs  arc based on discussions with the sponsor (NASA’s Solar Sysbmn  exploration
Division) and intmactic~ns  with the Mars Sciclm  WorkinS  Group and other mcmlwrs  of the
Mars scicnm community.



hl ISSIt3N CONClil”l’

l’a[ltfincler-based  Concept
in orctcr to maintain maximu:n  co]nlnona]ity  with the M1{SUR infrastructure,  the

feasibility of placing a Mars ascc’nt  vcllic]c  (MAV) inside a minimally modified I’athfincler

tetrahedron has been the primary focus of this study. “I”hc l’athfinctcr  desi~n was chosen  as the
pc)int of dcpariurc  for this study for lWCJ reasons. I;irst,  of all the concepts currently known to bc
under  consideration for M1+%UR, I’a{hfindcr  has ihc ~rcatcsi  pa yloact  delivery capabi]i  i y. ‘t’he

current Pathfinder entry system (aemshcll  and back cover), parachute, airbags,  and lander
sIw II, is capable of ctc]ivcring  approximately 100 kg of payloact to the Martian surface.

Concepts for the follow-on Network landers arc still being formulated, but arc likely to have
Jnuch  smaller payload delivery capabilities. ‘1 ‘hc second reason for choc)sins l’athfinclcr  as the
ctelivcry  vehicle for this mission is that it rcprcscnts  the most mature of all the MI{SUR lanclcr
dcsi~ns  currently in cxiskmcc.

liach edge of the ]’athfindcr tc[rahcdron  measures appmxima  tcly 1 m, yielding a very
small  interior volume for housinc the MAV. ‘1’lw mass of the M AV must also be constrained such

that the total mass of the loaded  lander is approximately the same as that of the current
l’alhfincter  lander, so that the parachute, acroshell,  and airbag  do not have to be resizccl.

Final]y, the MAV must be capable of withstanctinx the same rough landing undertaken by the
I’athfincicr  lander, which includes an initial shock of 50 g’s, followed by an interval of
tumblin~  bcfcm the lander comes to rest.

in order to keep the MAV as small and lip~~twcight  as possible, it was decided to utiliz,c  a
Mars orbit  rcnclcz,vous  mission architcciurc. in this concept, the MAV need only ascend to a low
Mars orbit, where it is met by a separate vehicle (the l{arth  Return  Vchic]c,  or H1{V)  which
rcndcz,vous and docks with the MAV, aseptically collects the sample from the MAV, and
performs the injection burn to rctu m the sample capsule to llarth. This technique formed the

1 1 n the past, other mission archi  tccturcs havebasis of the Mars Rover Sample Return l’mjcct  .
also been studied, which place greater rcquirm-wnts  on the MAV, leading to MAV masses

unacceptably large for the restrictions of the current study. in the l;arth  orbit rclidcz,vous
concept, the MAV ascends to Mars orbit, and then performs the trans-llarth  burn itself, 1 t then
places itself into an clliptica] l;arth  or-bit, where the sample  is collcctcd  by means of a
separate vchiclc. I’hc direct rctum  concept has the MAV pcrfm-ming  not only the trans-llarth

injection burn, but also delivering the sample return  capsule directly into I{arth’s  atnmsphcrc,
without the intervention of a .wparatc vchiclc  of any kind. Ilxamplcs of these concepts appliccl
to small Mars sample return missions can be found in refmcnces  2 and 3.

Mission Scenario
‘1’hc baseline scenario, as illustrated in l;igurc 1, starts with ihc launch of an Atlas IIAS

launch vchiclc  containing the ]ancicr  and the Ill{V. I.ikc l’athfinder,  the lander enters directly
from hyperbolic approach, initial dccclcration bcin~ pmvidcd  by means of a blunt-cone acm-
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shell. After en(ry, the acroshcdl  and back cover arc discardcci, and a parachute is ctcyloyecl.
A~ain,  like l’athfinder, airbacs provide tcrn~ina]  inlpac!  attenuation, after which the
tctral~edr(}l~-sha~>cd  lalldCr  may tLI mb]e for some interval until it comes  to r~%t. %011 thCrCaflCT,
the t e t r ahedron  opens  up to reveal  the MAV. IXlring  this time, the ?-stage hXV is
pmpulsivcly  inserted into Mars orbit, at an altitude of approximately 380 km. T’he first stafy

of the I{I<V is discarded after orbit inscrlion. 3’Iw lander  and MAV stay on the surface for Np to

one month, during  which time the samples arc collected. “1’hc basclim  dcsi~n invcdvcs  the usc

of a modified MIMLJR  Nc[work  microrovcr,  which is sent out tc) collect tlw samples and rctum
them to the vicinity of the lander. A separate arm on the lander  is used to transfer the samples
from the rover to the sample canister. C)ncc the samples arc obtained, the MAV ascends into a
low, circular Mars orbit with an altitude of approximately 250 km. Using grcmnd-based
updates, the HRV performs the rendezvous, appmachinfi  to within approximately 1 km of the
MAV, at which pc)int  the on-bc)ard  systmns “take  over for proximity operations and docking.
‘1’hc sample is aseptically transferred from the MAV to the I\RV, and placed in the return
capsule. ‘J’he I!l<V then performs the trans-I;arlh  injection burn. ‘1 ‘hc time elapsed bet wecn Mars
orbit insertion and trans-l!arth  injection is 100 to 193 clays. lhring  Earth approach, the sample
return  capsule separates from the I;RV, and inters directly into the llarth’s atmosphere, where,
after initial dccclcration  by mcam  of an acrcwhcll, a parachute is deployed  to slow it further.
‘J’}w sample  capsu]c is collected by airplane via an air snatch, before the capsule reaches the
~round.



MISSION llliSIGN

O})por[u:litics
In identifying suitable ofqwrtunitics  for this mission, the requirement to keep all costs as

low as possible led to a cicsirc  for short missiot)  duraticms. ‘1’hc opportunities idmltificcl  for this
study  all involve total  mission durations (lkrth  launch to Ilar[h return) of less than 3.5 years.

‘1’he  time from Mars arrival to trans-l;arlh injcc[ion,  in all cases, is 100-193 clays, which should
provide sufficient time for the lander to collect the samples and for the MAV to asccnct  to orbit
for rmclez.vous.  Keeping  the tilnc  at Mars as S]lc)rt  as possible  keeps COSIS down,  lwcausc  this is

tlw interval of Srcatest  operational complexity and activity. “1’able 1 summarizes the
opportunities idcntifiml  for this mission, and lists mission data across a 20 day launch period.
Ill this tab]c, (23 is the square of the llypcrl)~)]ic  cxccss  velocity at llar[h launch, and VC-3  refers

to the magnitude of the hyperbolic excess vcloci  ty, either  incominz or out~oing.

‘1’able 1
MISSlON ol’1’01{1’lJNll’lliS”

. l>AUNC} 1 -MAIM .ARRIVA1 ,
143uIlch c? Arrival incoming
l)atc (knl~/s2) I)atc Vw (lm/s)

5/?7/?003 9.8 11 /25/?003
6/6/2003 9.4 11 /26/2003

6/16/2003 10.2 11 /28/2003

10/25/2004 11.9 1 /27/XKV

11/4/204)4 9.8 1 /31 /2007
11/14/2004 8.9 2/2/2(H)7

11/21/2006 10.3 1/19/2009
12/1/2006 9.3 1 /25/2009

12/11/2006 9.0 2/15/?009

IiI{V AV IWquircmcnts
‘1’hc AV requirements for’ the

3.1
3.?
3.?

2.8

2.8
2.8

3.1

3.1
3.3

-MAl{S.12111’.Al<I!;L[H; I; AR’I’J I AI<TU~&

IMpart  ure (h]tfying Arrival hm)mil)~
I)atc VM (kn~/s) l~atc Vco (km/s)

3/4/200! ?.6 7/14/2006 3.6
3/5/2001 2.6 7/15/2006 3.6
3 /7 /2001  2 .7 7/16/2M)6 3.7

7/21 /2037 3.2 4/29/X108 3.0

7/21/2037 3.2 4/29/2(X)8 3.0
7/21 /2037 3.2 4/29/2038 3.0

7/31 /2009 2.8 5/24/2010 2.8

7/31 /2039 2.8 5/24/2010 2,8
7/31 /2039  2 .8 5/?4/2010 ?,8

I:RV asscwiated  with these  opportunities arc quite
cha]]cnr,ing,  since the EJ{V must not only p~rform the Mars orbit injection and maneuvers to
match mbits with the MAV, but also the trans-l;arth  injection. I’able 2 summarizes the FXV
AV rcquircmcnts. ‘1’hc  AV rcquircmcmts for the Mars Ascent Vehicle arc opportunity-
indcpcndcnt,  and will bc covclcd in the section o]) fli~,ht  system dcsi~,ns.
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‘1’ab]e  2

l;I{V  AV Requirements

C)pportunity I;RV StaSe 1* I{RV Stage 2’*
(m/s) (nl/s)

2003 ?5.54 2513

2004 ?367 ?797

?006 ?630 7590

x i[wluctcs injection into .380 km circular orbit, with 3% Sraviiy  loss, plus 100 n~/s  for }:arth-Mars

cruise navigation and 20 nl/s contingency.
** includes trans-IIarth  injection from 380  knl  circular orbit, with 190  gravity 10SS, plus 84  m/s

transfcrAV  from 380 kln  to ?30 kn~,100  ]Itls rcvdczvousAV,  71 m/s transfer AV from 250 kn~ to

380  km, 50  m/S for Mars-I(artll  cruise navi~ation, 40 n~/s for Ijar(h divert AV, and ’20 m/s

cent ingcncy.

SAMI’lXS ANII S1-I’liS

Sample C%aractcristics

l;ascd on ccmsultaticsn  with members of the Mars Scicncc  Working ~rcrup and other members
of the Mars science community, minimum sampling goals for this mission have been icimtificcl.
‘1’Iwsc  rcquircmcnts  were designed to }wovictc  valuable science return, but keeping in mind the
scvcrc restrictions associated with this mission confi~ura  t ion. “1’able 4 summarizes these goals,
and illustrates the ctefpc to which the l’athfinct cr-basccl  design  meets  c)r exceeds  these
objectives. in ~’able 3, the sample size requirement is asscwiatwt  with (he need to obtain
unweathered material. I’hc required sampling radius, i.e. the minimum clistancc the sampling
device must bc able to reach to collect the sample, is quite approximate, and may well chan?,c,

bascct on the mu] ts of other missions like l’athfinctw,  Net work, and tlw upcoming Russian Mars
landers. As incticatccl,  the l’athfir~dcr-based design  is capab]c of meeting or exceeding the
minimum sampling goals  outlined fcw this study. ‘1’hc  science return afford d by these  samples

is ctcscribcct  in the section “Value of a Small Mars Sample Return”.

Site Accessibility and Selection

‘1’he ability of this design to reach a Civcn site is restricted to the current capabilities and
lilnits of (Iw l’athfinctcr  lancicr, and the park orbit inclination for the ItRV. At present,
]’athfindcr is restricted to sites with a maxirn~]m altitude of approximately 2 km. Also, bccausc

the lander is solar-powered, the range of acceptable latitudes is dictated by thf? solar
declination at the landinc  site at arrival. ‘1’hc ]anctcr  should be operable  witltin j N)” of  tlw

equator for the 2003 opportunist y, ar~d + 10“ to -50” for the 2004 and 2006 oppm-lunit  its. “I”hc park
orbit of the IIRV is at an inclination [)f approximately 40”, which means the maximum S011[1]



latitude reachable cturinz tllc  ‘oft and ’06 o])por[unities  is -40”. ‘1’he 3-0 major axes 0( [Iw

landinc  cl]ipsc arc 1 ?0 km alon~ track and 35 Ian moss t1ack,4

‘1’he landing site restrictions suCScst that the lander should bc targeted {c) the center  of a
large, rclat ivcl y honmgencwus ficmlogical  unit. Also, for reasons of Ianclinfi  safety, it may be

useful to choose a Iandinfi  area wlmsc characteristics have already been  ctc(crmilwi  by means

of a previous lander, such as Network or VikinC.

“1’ab]c 3
SAhI1’I,li I{I{QLJJ1{UM1;N1’S

mass or sin / samp]c

# samples / landing site

itlstrl]]llclltatioll

sampling radius

preservation

sarnplc acquisition

surface time

I’LIG11“1’ SYSI’l{M  L)151GNS

2 cm min. dilncnsion  rock

5 rock, plus soil & atmosphere
minimum -1 W gm rmk

color imaging
(c.c. VikinC camera)

l o o m

< .lOO(:,

friability detection

a fcw wcIcks

25 rock, plus soil & atmosphere
total sample -500 gtn

color inlagin~  (lancicr  & rover)
AI’X on rover

Nctwcmk  prover capability

<.10”  (:,

friability detection

up to 30 days

Mars Ascent Vchiclc and Lanclcr
‘1’hc Mars Ascent Vehicle is carried to Mars inside a l’athfindcr-based self-righting

tctrahcdrcm shaped lander, as illustrated in l~igure 2, ‘l”his  assembly is packaged in a 2,65 m
diameter blunt cone acroshcll designed fcm a direct entry  from approach at an entry velocity of

up to 7 kn]/s.  ‘]’hc’ acrmhcll  LISCS  the same 140° cone an@e that was proven on Viking. A cruise
stage supports tlw spin-stabilized acrocraft  01] the flight  to Mars by providing solar arrays,

antennas, attitude control, and propulsion for trajectory correction maneuvers. I’hc sinslc sta~e
MAV performs the ascent AV of 4275 ]n/s with a pressurized bipropellant  propulsion system

that has an engine  thrust of 800 N. ‘l”he propellants arc Chlorine ]’cntafluouridc  (Cl’}:) and
hydra zine, with an ISP of 355 second  S. ‘I”IIc hi~b 1S1’ is made possible) by a pressure-fed systcm
(inlet pressure of 700 psi), which allows the Inass c)f the cn~inc and the lines to be rcduccd
sicnificant]y. “1’lm  MAV has an acmciynamic fairing to rcducc dra~ loss and tc) protect it from
acmthcrmal  heating during  Mars ascent. ‘1’hc total cstimatect MAV mass is 107 k~, incluciing
ccmtin~cncy. l’hc MAV structure is sized to survive a ru~ged landing with loads up to 50 g’s in
any direction. ‘1 ‘his required chan~es  in (}w propulsion tank mounts, tlw engi m support rinc, and
the equipment deck, comparccl with an “ultrali~ht” soft-la ndins  MAV, On tllc ~round, the
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Figure 2 Mars AsceIIt  Vcllicle  inside a l’athfindcr  I’ctrahedron

MAV is supported by the lander’s solar arrays; it is powcrccl during ascent by batteries, and is
powered  during  its wait in orbit by solar arrays.

‘J’hc MAV uscs an X-band tclccom system to communicate to the I{I/V. l_Jsing  bent-pipe

dopp]cr,  both vehicles can be tracked with on] y the I; I<V’s link to Earth. When on the surface,
the MAV and ]andcr usc three horn antennas on the lander for a dircc[ link, including control of

the rover. A samp]c transfer arm transfers sampks  from the rover into the canister on top of the
MAV. A scconcl  arm is also included on the ]andcr, for rcciunctancy.  l$hc lander  also carries

extra batteries to support surface operations. “I$he total lander mass is 421 kg, including MAV,

I )ry mass has been significant] y rcd uccd co~npared to previous dcsi~ns by combining the
electronics for power, commands, data, and tclccom subsystems into one intc~rated  systcm
which shares its rmcmrccs.  ‘l’he MAV and ]adcr functions and equipment arc further shared to
rcducc  cost and mass. }:or example, the MAV’S centralized computer is used for control and
sequencing of cvcnts during  entry, dcsccnt, and landed operations on the Mars surface as a cost

and mass savings.

liarth Return  Vehicle and Sample Return  Capsu]c
‘I”hc }iarth Return  V e h i c l e  (FH{V), il]ustratcd  in l~i~urct 3, carries the Sample Rcturm

Capsule  (SRC) to Mars and back to Ilarlh  afire rcndmwous  with the MAV in Mars orbit. 3’lw
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launcl)  mass of the l;RV is 801 k~,incluctinfi  the S]<C. ‘1’]1~  J{I{\~  is dcsi8[lcd as a two stage

vehicle ralhcr  than a sin~le-sla~c one to save mass while achieving a total AV of over 5000

m/s. ‘J’hc llRV must be 3-axis  stabili?cd  to accomplish the rendcz.vous and dockin8  with the
MAV, ‘1’hc }IYW firsl stage performs tlw cruise maneuvers and the Mars orbit inscr[icm  (MOI)
A V .  ~’he first stage is jcttisonccl  aftrr  corrcc[ins  ally M()] rc>siduals. ‘1’hc  IJI<V is capal>]e of
s[ayinc in Mars orbit for up to one year, althc)u@ the maximum wait time is cxpcctcd tcI be no

more than 200 days. l’owcr  is provided by a cicployccl  solar array and rcchargablc  batteries.
‘1’hc  tclccom  data is broadcast in the X-band frequency over a horn antenna  to a 70-111 I)SN
station. ‘lThc wconcf stage of the l;l{V carries most of the avionics as well as the S]{C.

l;igurc 3 l;arth Return  Vehicle

I’hf? autonomous docking is carried out with the aid of a camera and a six-l~)l;  attitude
control systcm. After the ciockins,  the sample is aseptically transferred to the SRC and scaled
within it. l’hc MAV and the dockinx cqui]>nm]t  arc then jcttisonccl  and left in Mars orbit to
reduce the mass of the return stafic.  ‘l’he trans-l{arth  injection burn is accomplished in two burns
to avoid gravity losses of a Sinclc  ions burn. “1 ‘Iw I;RV provides support  of the SRC over the lonc
cruise back to l;arlh.  Shortly prior to l;arth mcountcr  the S]{C; is spun up to 5 rpm and released
from the HI<V OJ] a direct entry trajectory. ‘] ’he I{RV could perform a divert maneuver to avoid
entry  if desired. ‘1’hc 0.6 m cliamc[cr  S1<( mtcrs the atmosphere at 11,7 km/s and ballistically
slows to sul>-Mach  velocities,  at which time a parachute is deployed to slow the capsule to a 8

m/s tmnina]  descent rate. ‘the S1{C  broadcasts a bcmcon signal and is rccc)vcrcd  by an air snatch



am-t mrricct  to a rcccivinc facility. A flotation system or crushable materials are also carried
oll tllc SRC in the event  that tlw air snakd)  is unsuccessful.

Launch Margins
Ckst restrictions limit the choice of launch vehicles to small and intmmwdiatc  launchers,

such as the Ikl[a or Atlas. ‘1’l]is study }las examined {he possibility of launchinc  the IIRV and

the lander  separately, using two Ildta II 7925 vehicles, and also usinz  a sinclc  Atlas IIAS to
launch the IIRV and lanctctr  to~cthcr. ~’he two-l)elta  option involves launches at least 10 days

apart. As a result, (Iw launch dates  indicated in ‘1’ab]r  1 would  bc used for the liI<V, and an

earlier or later date would bc USCCI  for tlic launch of the lander, which, bein~ lighter, can be
acccmmmda  tcd by the IJclta  at hip,hcr  C3’S. C3’S for the lander launch  opfmrtunities  range
bciwccn  17.2 and 24.3 kn~2/s2. }~or the dual l>clta  launch option, the launch n~ar8in  for the

lander  is ~rcatcr  than 250 k~; the liRV launch mar~in  is above 100 kg, Use of the Atlas IIAS
allows a launch margin greater than 500 kc for the cc)mbined IIRV and la]lder.  “1’hcsc  launch
mar~ins include appropriate launch reserves and allowances for adapter  mass,

lecl~no]ogy  l~cvclopmcnt Needs
in orctcr to cnab]c this mission the fc>llowins  tcchnolc)~ies  arc required: hi@l 1 sp

lightwci~ht  high pressure propulsion; autonomous rendezvous and docking sensors and
software; lower  mass structures; aseptic transfer techniqum  and docking mechanisms; integrated

low mass avionics; li~htwcight  inertial grade  gyros; and sample  path dc-co~~ta]~~i]~atio]~  and
protection. (lthcr  technologies which arc enhancing for cost and mass rccluction:  ncm-mortar
deployed parachute systems, lighter weight  air bags, hi~h encrsy  densi ty li~htwcight
batteries, lightweight solar arrays, ]ightwci~}lt  high temperature heat shields, hi~h

efficiency transmitters and lower mass thermal insulators.

Many of the tcchnolo~ies  required for a M}+Wl<-t)ascd sample return  arc in dcvclopnmt
by MIISLJ1< or C3cmentine missions. in particular, parachutes and airbags  for terminal

dccclcration  will be p r o v e n  b y  MIISUR I’athfinclcr. Actvanccd  lc)n~-burn lightweight
propulsion and more accurate light weight ~yrc)  packages arc needed tcchnolosies  that arc not
cummtl  y assured. Clcmcntine  has a li$htwei~ht  gyro, but  it is not accurate enough  for the
MAV ascent. ]SC is planning to test lons  burn time lightwci~ht  propulsion technology
(MM} l/N’l’C))  in 1993. I.OW mass, high temperature materials are bcinc  dcvc]oped  for the
NASI’ and may bc useful for both the MAV and the basccover.

1,ightwcight  integrated electronics arc twine devclc~pcd  on the l’luto l:ast l~lyby Mission

and MIKUR Network and shoLIld  bc’ available in time” for the .samplc  rc[L]rn Inission.  Advanced

propulsion by Acrojct  for the Advanced liqL]id  Axial StaSc (Al AS) was demonstrated in 1992.
A flight test has been proposed for 1994 aboard the CC) M};3’  (Commercial };xfmrimcnt
~“IaIISpOrtCr),  or pCrhapS  on Wakeshiclct  2, which will dc’monstrate aLltononmL]s rcmdcz,voL]s,
docking, and sample transfer in I[ar[h orl~it.5 ALltollonloLls  rclldc7.voLls  smsors  and software will
also be tested on the the Clcvncntine Astc] oid lntcrccpt mission in 1994, and on the
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S1’AS/Shut[lc  mission in 1996. lntc~ratccl  docking will also be clemonst  rated o]) S]’AS. Sample

lmmlling dcviccs for rock sizins and chipping will bc developed in 1994 under  funding by 1’11>111’
(1’]anctary  lnstrumcnl  l~cfinition and I>evclopxnmt  l’rogtam).

Some ICVCI of protection of the planet Mars from biological contamination by terrestrial

or~anisms  is a rcquircmcmt  on every landccl mission. l’he current plans for MI{SUI< I’athfindcr
and Network invo]vc a level of biolo~ica]  cleanliness consistent with Vikinfi  prc-heat
sterilization levels. ‘J’hc most rcccnt  protocols developed for planetary protection indicate that

6  I lowcvcr,  f o rthis is sufficient fc)r Mars landers whose pri]nary  goal is not life detection .

salnplc  ret Llrn missions the procedures for reducing the level  of bioburdcm  On the spacecraft may

bc more stringent to prevent or~anisms transported from Ilar[h from contaminating the Mars
samples. 1 f such contamination were to happen, the scrccl~i nfi techniques u scd back on Earth
would Civc a false positive for life on Mars, which could not only bc misleading, but could also
invoke handling protocols and additional screening experiments that might consume much of
the small sample. A single bacterial spore could be sufficient to contaminate the sample.
Various species of spores arc known which can withstand ultrahigh vacuum and cryogenic
temperatures, and arc quite resistant to radiation as well. in the course of this study, a number

of pc)ssible  rcmcdics  to this problem have been considered. Additional study must bc
undertaken tc) select the technique which satisfies the evolving planetary protection protocols.

C)ne possible approach maybr  to accept tl)c potential contamination c)f the sampleby
IIarth organisms, and the consumption of (]mssibly  important) portion of the sample in
bioha~ard  analyscw. As the following section indicates, the primary science ~c)als  of this
mission are related to inorSanic gcochcmistry, as opposed to life detection, AS a result, the
possibility of a false Mars life-positive rcadins  mi~ht  be an acceptable trade for the

relatively low cost associated with M1;SUR-lCVC1  stcriliz.ation. Bccausr there  may bc some
doubt as to the terrestrial orcxtraterrcstrial  ~~rove~~al~ce c) fa~~ydetcctcd  organisms, it maybe
necessary to stcriliz,c those portions of the sample intended to be distributed outside tllc
confincsofascalcd  ct~virol~l~~c~~ t. Al)y~ec)cl~el]~  icalal~alyws w}~icl~ would beadvmsclyaffcctcd
by the stcriliz,ation  procedure would be done in the scaled environment, prior to stcriliy,ation.

Another approach would bc to subjict  a pc)r[ion  of the lander to a hi~hcr  level of
stcriliz,ation.  ]n this case, then not only the sample canistcw but also the sampling tools, the

exterior surfaces of the lander, and the rover would need to have very low rcsidua] t>ioloads.
Using many of the cleaning techniques and colnponcnt  stcriliz,ation  procedures developed for
the Vikin~ lander missions, bioburdcms  can be rcduccd such that the }~rol>abi]i  ty of round-trip
contamination would be < 101;-6. l)ctailcd encincwring design evaluation is necessary to
dctcrmim the most cost cf(cctivc  colnbinatic~n  of mctl~c)ds  for achicwins  tl]is  ICVC1.



‘1’hc most cxpcnsivc  option would involve Vikin$-lcve] sterilization of the entire

lander/MAV assembly. It is unlikely that this level of stcrilizaiicm  could be achieved within
the cost confines of this study, due to the need for more stringent cmnponcmt qualification.

in addition to avoiding forward and mundtrip  contamination, it is also ncmsary  to treat
Martian samples as possibly containing material which could bc a biohazard to l{arlh
organisms. Although this “back c(>I~tal~~il\atio]~”  possibility is cmsidcrcd  c~trcl~~cly  rc~~~otc’, the
risk could be pLlblicly pcrccivcd as highly consequential]. l;or  these rcasms, wc have dcsi~nccl
into our MS]{ mission concept the ability to aseptically transfer tlw sample  canister from the

ascent  vchiclc so that Martian material and all sLlrfaccs  of the sample return  canister,
including its exterior, arc kept physically isolated from the I;arth return vchiclc  by a
biobarrier  film which is scaled aroLlnct  the caniste~, ‘J’hc  method of this aseptic transfer is
illLlstratcd  in l:ifylrc  4.

( ? ) (3) (4)

(5) (6) (7) (8)

I;igure  4 Aseptic Transfer

VAI.UI{  01; A SMAI.1, MAIM SAM1’1,1{  RITIJJ{N

l’hc scientific objective c)f this mission is to obtain documcmtcxl  samples of mall rocks,
soils, and the atnmspherc  so that a wide range of sophisticated, hi~hly sensitive analysis

tcchniqLm  can be applied in the best laboratories here on l{arth. %phis[icatmd  method S SLICh
as isotc)pc  gcochrmology  (aCc dating), x-ray and clcctrm diffraction (~~lil~craloxy),  l~c~ltrol~

180 isotopr  systcmatics,activation analysis (Llltratfacc  clcmcnts), slid petrologic and
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ttansmissic)n  electron microanalysis arc just a fcw that are unlikely to be inlplcmcntwl as flifj~t
mfmimmts  due to their difficulty l~ut aIc extrcJncly  powerful for uncierstandins  sample origin
and history.

“1’hc highest pric)rily  of a sampling missic)n  is to obtain  ignmus rocks which contairl

original minmals  that have JW( bccJ] altered. l;rom these, the crystalli7,ation  a~c can be

ciclermincd, which intum will allow for tlw first timca calil~ratiotl  oftl]cgcologic  til~~cscalc
for Mars. "l'l~is iscurrcl~tly arclativc scalcl>ascd  {)l~[lsiI]~ tl]ecrateril~g  dcs~sity  (craters ]>cr~l1~it
area) of a geologic unit to estimate its age relative to other units. I’hmrclical  calculalionsof
the impact flux have becJI used to estimate  atwolll(c  ages of gcolo,qic  events (such as the
cvnplaccmcmt  of large lava flows), I)ut the uncertainty is nearly half a billion years. I“he

clctmmination  of the crystallization a~c of an igt~coLIs  rock (millions of years since the lava
crystal li7.cct)  from an idcntificcl geologic unit would  allow such an unambiguous correlation

bet wceJI the crater age scale and alm)lIJ k time. Such correlations have been made on the moon,

via sample rctmm from known areas, and have provcci  funclamcmtal  tc) our understanding of its
evolution. Nc)tc that althouxh  it is widely  acccptecl that the SNC lncteoritcs  originated on
Mars, and their crystallization af,cs have been dctcrmincci, it is not pmsiblc  to dctcrminc  the
cratcT/agc  Corrc]at  ion from these objects because it is not known from which ]ocat  ion OJI the
planet the SNCS came. ~thc’r SCiL’JICC  objectives arc to cva]uatc the Llniformity  of rock types at

a Civcn  site and to compare flow mor}>holo~ics  with fymhcmical  and rhecdo$ical  propcrt  ics of
the source lava.

}kom weathering rinds on the surfaces of individual rocks, the more recent weathering

cnvircmmcnt can bc inferred. ‘1’hc role of rcaclivc water films or photochcmical species at cold
tmnperat  urcs, may bccoJnc better understood. Altcratic)n  prc)ducts such as clays, salts, and iron
oxyhydroxicics will provicic clues to these proccsscs. Evidence for crosim and diffcrcntia]

abrasion documents the hislory of local wind activity. Because none of the SNLS  mctcoritcs
represent sLlrfacc rocks, they do not necessarily  reflect this cnvimnnwnt.

‘1’he chc’mica],  mincra]ogica],  and physics] nature’ of the expected extensive suite of

minerals and amorphous products in the Martian soil should provide information relevant to

long-term climate. Because many minerals can only form under restricted conditions, the
cmvironmcnt and its influences even in ancient times may be accessible to invcsti~a{ion.
A]thoLJgh there arc traces of alteration mingals  within some SNG, they do not correspond
mw-to-om’  with the imp]ied  minera]ofiy  of the bu]k surface soils.

~1 the Viking mission, it was discovered that one or more oxidizing conjpoLlnds  exist  in the
soi} and possibly also the atmosphere. As a rcsu]t, mc)st  or a]] organic conlpoLlnds  arc

cvcntLla]ly  destroyed and microbes may not be able to exist. T’he Mars oxidant cxpcrimcnt

(MOx) cm the Mars ’94 mission will perform the first attmnpt  to detect thcw  oxidants by new
techniques. With a rcturnccl  sample, it will bcI possible to apply an entire ballcry  of tests by
which to understand the phcnonwna  of the hi~,hly  oxidiz,inC  cnvironmcmt  On Mars.
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in addi(ion  to oxidants, it is s[ro]lgly sus]wctmi  that the Martian soil contains carbonates,

nitrates, and hydroxides which rc’}wescmt fixation of (0?, N2, and } IzO. ~’his  WOLIld  help
explain the thin atnmsphcre,  which presumably was much thicker in the past. Sulfate,
chloride, and bromide salts appear to be almndant  in h4artian  sc)ils,  and enriched in crust
deposits, but the spccim and forms of salts arc totally unknown at this time. Because of their
high sc)lubilily,  they shcm]d bc important tracers of past water activity.

An cxtrmwly  thorou@~ search for bio~enic and rcfractc)ry organic compounds (Vikin8 found
none) and for metabolizing activity by life forlns will be made on the returned samples.

Assuming that extant life is not dctcckd,  it will still be of ~rcat interest to search for any
evidence of extinct life, i.e., structural fossils or chemical indications of microbes in the past.

At mosphcric  composition, including nc)ble gas isotopes and UI t rat race comfmuncis,  can be

more  exhaustively examined. It will bc possible to test for transient, hi#dy  rcactivc
photochcvnical  spccics  which by exposinfl  an array of thin coatings of a variety of clcmcmts  and

compounds. ‘1’his  builds on the MOx experiment, but with the major advantage that the
coatincs  can be returned to J;arth for extensive microanalysis.

‘1’hc  history c)f Mars appears to be that of a warm, moist planet which was probably quite

conducive to life early-cm, but evolved to a ccdci,  dry planet that is now quite hostile to most life
forms. I’hc lesson of Mars is that Clobal  environments can chan~e,  more or less pcrn~ancmtly,  but
how and when that happened on Mars is a mystery fc)r which sample return provides one of our
best opportunities for learning the answers. l’ub]ic  perception and media attention for this
mission should  be first-rate, with attention peaking at several different times - the launch,
land ing, rover samplin~, ascent and rendezvous, departure  to return to Rarth, the splashdown,
and finally the announcements of first results. As important new discoveries arc made, the

opportunity for additional interest and vicarious participation by the public will be possible,
Not only the lay public, but also various scientific communities will have new-found interests
in the space  program. Scientists and students in such diverse fields as geology and
atmospherics, as well as authorities in isotope ~cochemistry,  cc)smic  ray physics ,
astroclimatology,  mctcoritics,  photochemistry and many other specialties will become

involved. ~ ‘hc reservoir of sample material will become an intcrna t ional rcsourcc  for both
pedagogical and serious investigations, to be used for many dccadcs after the return. J~cw other

missions could achicvc this dcgrcc  of public interest and diversity it~ scientific involvement
over such a lonc time period.

CllNO,USlONS

I’rcliminary  designs and tcchnolosy  needs have been idcnt i ficd for a small Mars sample
return  missicm  based on maxin~um commonality with the infrastructure cxpcctcd  to bc dcvclopcd
for the M1;SUR l’rojcct. In particular, a very small Mars Ascent Vehicle has bmm dc>signccl
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]alldillg on airbags. l’rcliminary  cost estimates indicate that, Civcn sufficient tcchnolo~y
dcwclopmmt  in key arms,  tl~is mission call  fit colnfc~rtably  withi~~ the mandated $1 I] total  cost.

‘1’lwsc results am unique  in a number  of areas. }:ilst,  this study  indicates that a rc)bust,

hard-lander, specifically the l’athfincicr  lancle~, is suitable for usc with a h4ars  salnple  return

mission. ]’rcvious Mars sample rc[urn  studies have concentrated on propulsive soft landers.
More important, howcvwr, is the indication that a scientifically valuable small Mars samp]c

rctunl  mission can bc accomplished for a cost commmwurate wit]]  currcult funciin~ realities.
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